During herpes simplex virus type 1 (HSV-1) latent infection of the mouse trigeminal ganglion there is limited viral gene expression. The latency-associated transcripts (LAT) map approximately to the PstI-Mlul fragment within the BamHI B and BamHI E fragments (long repeat regions) of the viral genome. Additional weak hybridization signals have been detected by in situ hybridization that correspond to transcription from HSV-I DNA fragments adjacent to the PstI-Mlul fragment. We mapped the region encoding this additional transcription. This minor latency-associated RNA (m-LAT) was shown to map to a group of contiguous fragments (approximately 8-3 kb of DNA), which are adjacent to the 3' end of LAT and to a (2-0 kb) fragment adjacent to the 5' end of the LAT. Using single-stranded probes in in situ hybridization experiments, we showed that the KpnI-BamHI and BamHI-SacI regions of m-LAT are transcribed in a rightward direction within the long internal repeat region. This low abundance RNA may be related to the previously described LAT.
Introduction
Herpes simplex virus type 1 (HSV-1) establishes a latent infection in the peripheral sensory ganglia of mice (Stevens & Cook, 1971 ; Walz et al., 1974) and humans (Bastian et al., 1972; Baringer, 1974) . HSV-1 can be reactivated from the trigeminal ganglia of both mice and humans by explant co-cultivation (Stevens & Cook, 1971 ; Warren et al., 1978) and spontaneous reactivation occurs in humans. Latency and reactivation in peripheral nervous system ganglia are thought to be the key features of HSV-1 biology that allow infection in humans to be maintained for years. In situ hybridization studies of viral RNA expression during latency in the mouse have shown that there is limited transcription during latency (Deatly et al., 1987 (Deatly et al., , 1988 Stevens et al., 1987) , which maps to a region within the repeat long regions of the HSV-I genome. Northern blot analyses have defined three latency-associated transcripts (LAT), 2.0 kb, 1-5 kb and 1-45 kb in size, which map to the PstI-MluI restriction fragment within the BamHI B and BamHI E fragments . These RNAs are transcribed in a rightward direction (in BamHI B) on the conventional map of the HSV-1 genome, opposite to that of ICP0. Several in situ hybridization studies have reported that additional hybridization occurs, which corresponds to the BamHI SP fragment (Rock et al., 1987; Deafly et al., 1988; Krause et al., 1988) , although this hybridization signal was reported to be weaker than that which mapped to the BamHI B fragment.
In this study, we have undertaken to determine the domain and direction of transcription of the additional RNA that is transcribed from the latent HSV-I genome outside the PstI-MluI fragment (which encodes the LAT). We have used in situ hybridization, which is the most sensitive technique for detecting viral RNA in small numbers of cells in latently infected tissues, and a series of restriction fragments as probes to define the domain of this minor latency-associated RNA (m-LAT). The domain of the m-LAT was determined to be 8.3 kb of contiguous DNA fragments adjacent to the 3' end of the LAT [MluI-BamHI, BamHI-SacI, SacI-SacI (4.2 kb) and SacI-BamHI (0-6 kb)]. In addition, a 2-0 kb DNA fragment (HpaI-PstI) adjacent to the 5' end of the LAT was positive in in situ hybridizations. Singlestranded DNA probes were employed in in situ hybridizations to determine the direction of transcription of this positively hybridizing RNA. The data using singlestranded probes that were restriction fragments of BamHI B and SP (KpnI-BamHI and BamHI-SaeI) in in situ hybridization indicated that this portion ofm-LAT is transcribed in a rightward direction, as are the LATs. It is possible that m-LAT is related to LAT, either as a precursor, or as other low abundance products. No RNA transcripts corresponding to the regions of m-LAT could be detected on Northern blots of total RNA from trigeminal ganglia of latently infected mice.
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Methods
Virus and cells. HSV-I strain F was grown on CV-1 cells and virus stocks were prepared as previously described (Deatly et aL, 1988) .
Animals and experimental infection. Female BALB/c mice (4 to 6 weeks old) were anaesthetized and inoculated with approximately l06 to 107 p.f.u, of HSV-1 (F) in each eye after corneal scarification.
Latently infected mice were killed at a minimum of 4 weeks after infection and acutely infected mice were killed 4 to 5 days after infection. Trigeminal ganglia were dissected from latently infected, acutely infected and uninfected mice and either fixed for 24 h in PLP fixative (2~ paraformaldehyde, 0.1 M-lysine hydrochloride, 0-5 Msodium phosphate buffer pH 7-4 and 0.1 mM-sodium m-periodate) (Deafly et al., 1988) or used for RNA preparation.
RNA preparation. Trigeminal ganglia from latently infected mice or uninfected mouse brains were dissected and RNA was purified and quantified, as described previously . Productively infected cells were fractionated into nuclear and cytoplasmic fractions. Cells (1 x 107) were infected for 8 h at an m.o.i, of 10. Cells were then scraped into phosphate-buffered saline, washed twice and resuspended in lysis buffer containing 10 mM-Tris-HCl pH 7.4, 10 mM-NaCI, 3 mM-MgCI2 and 0.5% NP40. After 5 min on ice, nuclei were pelleted at 500 g for 5 rain. Supernatant and nuclei were retained and processed separately for RNA, which was purified and quantified as described for trigeminal ganglia .
Preparation of double-stranded DNA probes. Recombinant plasmids containing BamHl fragments from HSV-
, pRB123 (BamHI J) and pRB124 (BamHI X)] were obtained from B. Roizman (Post et al., 1980) . Recombinant plasmids containing XbaI fragments of HSV-1 (KOS) [pMCI21 (XbaI C), pMC124 (XbaI E) and pMCI22 (Xbal F)] were obtained from M. Challberg (Challberg, 1986) . The EcoRI I fragment in pBR322 was obtained from J. Frink (Frink et al., 1981) .
Fragments and subfragments were excised from plasmids by restriction enzyme digestion and separated on agarose gels by electrophoresis. The DNA fragments were purified from agarose by freezing and phenol extraction, or by electroelution onto DEAE paper. DNA fragments were labelled with [ct-35S]dCTP and [ct-3sS]dATP by nick translation, as previously described (Deatly et al., 1988) .
Preparation of single-stranded DNA probes. Single-stranded DNA probes were prepared by reverse transcription labelling of HSVspecific, complementary RNA (Mitchell et aL, 1987) . Recombinant pGEM vectors containing HSV-1 fragments (Kpnl-BamHI, BamHI-SacI and SalI-BamHI) were constructed and purified by standard techniques (Maniatis et al., 1982) . These recombinant pGEM HSV plasmids were linearized downstream from the insert by the appropriate restriction enzyme. Unlabelled transcript RNA was produced from the recombinant pGEM-HSV plasmids by transcription for 1.5 h at 37 °C using 20 to 30 units of either SP6 polymerase or T7 polymerase, under the conditions recommended by the manufacturer (Promega). The template (plasmid) DNA was completely digested with 2 units of RNase-free DNase I for 15 min at 37 °C, the mixture was phenolchloroform-extracted and then ethanol-precipitated. The complementary RNA was resolubilized in water and approximately 0-5 to 1.0 ~tg of RNA was used as a template for each reverse transcription labelling reaction. The HSV-specific complementary RNA was reversetranscribed by 20 units of avian myeloblastosis virus reverse transcriptase in the presence of 6 units of random hexamer DNA primers, 100 pCi of 32p_ or 35S-labelled dCTP and reverse transcription buffer in a 50 Isl reaction, as described (Palukaitis, 1986) . The reaction was allowed to proceed for 1-5 h at 42 °C before being stopped by addition of 2 p.1 of 0.5 M-EDTA. The template RNA was removed by hydrolysis with 0.3 M-NaOH for 3 h at 37 °C. The radiolabelled single-stranded DNA probe was separated from unincorporated nucleotides on G50 Sephadex spin columns and stored at 4 °C in 10 mM-Tris-HC1 pH 8.0 and 1 mM-EDTA. The activity of the probe was 3 x 108 to 5 x 108 c.p.m, per labelling reaction.
Northern blots. RNA was denatured by heating to 60 °C for 10 min in the presence 2.2 M-formaldehyde, 50% formamide and 50 raM-MOPS pH 7.0. The RN A (10 ~tg per lane) was electrophoretically separated on 1% agarose-MOPS gels containing 2.2 M-formaldehyde in 50 mM-MOPS buffer, with constant buffer recirculation (Maniatis et aL, 1982) .
The gel was soaked in 1% glycine for 60 min and capillary blotted to GeneScreen Plus (DuPont) in 10 x SSC. RNA markers (Bethesda Research Laboratories) were treated exactly the same as the RNA samples.
The filters were prehybridized, hydridized, washed and autoradiographed as described previously .
In order to re-probe Northern blots, radioactive probe was removed from hybridized blots by boiling for 20 rain in 0.01 x SSC and 0.01% SDS. The filters were then prehybridized and hydridized.
In situ hybridization. The conditions used for in situ hybridization were as described (Deatly et al., 1988) , except that tissue sections were affixed to glass slides coated with poly-L-lysine and 30% Elmer's glue. The denaturation step was omitted for single-stranded probes. Sections were washed at 50 °C for 4 h in 2 x SSC, 10 mM-Tris-HCl pH 7-4, 1 mM-EDTA and 45~ formamide, followed by a 48 h wash at room temperature in the above solution. Sections used for RNase controls were treated as previously described (Haase et aL, 1984; Stroop et al., 1984) .
In some experiments, sections were hybridized in 50~ formamide, 5 x SSC, 1 x Denhardt solution, 10 mM-Tris-HCl pH 7.4 and 1 mM-EDTA to evaluate the effects of Northern blot hybridization conditions on in situ hybridizations. These sections were washed at 50 °C in 50~ formamide and 5 × SSC for 4 h, followed by a l h wash in 0.1 x SSC at 65 °C. A final 48 h wash in 50~ formamide and 5 × SSC at room temperature was performed (this wash is analogous to the 48 h wash in 45 ~ formamide and 2 x SSC which is the standard in situ hybridization protocol). A duplicate set of sections was hybridized according to the standard in situ hybridization conditions. All slides were dehydrated and dipped in NTB-2 nuclear track emulsion (Kodak). After 2 to 6 days exposure, slides were developed in Kodak D19 developer, fixed and washed. The sections were stained in haematoxylin and eosin and evaluated by light microscopy.
Results
Mapping of latency-associated minor hybridizing RNA
Previous reports have shown a weak hybridization signal in in situ hybridization assays using a probe corresponding to the BamHI SP fragment (Rock et al., 1987; Deatly et al., 1988) . Therefore we have carefully examined subfragments of BamHI B and SP in order to map the DNA regions encoding this minor hybridizing RNA (see from latently infected trigeminal ganglia, the centre column from uninfected and the right column from acutely infected ganglia. The probes used were (from left to right on the genome; see Fig. 1 ) HpaI-PstI (a to c), MluI-BamHI (d to f), KpnI-BamHI (g to/), BamHI-SacI (jto/), SacI-SacI 4.2 kb (m to o), and SacI-BamHI 0.6 kb (p to r). All of these probes were found positive in acutely and latently infected ganglia. However, probes from adjacent fragments (except PstI-MluI), including the remainder of BamHI B and BamHI Y were negative in latently infected ganglia. Thus 8.3 kb of contiguous DNA fragments to the right of the LAT and a 2-0 kb fragment to the left of LAT are positive by in situ hybridization (see Fig. 1 ). Other regions of the viral genome were tested using XbaI, EcoRI and BamHI fragments, as previously described by Deatly et al. (1988) and found to be negative in latently infected mouse ganglia (Table 1) .
All probes, except the HpaI-PstI fragment, hybridized more strongly to acutely infected (5 days post-inoculation) trigeminal ganglion sections (Fig. 2f, i, l, o, and r) . The HpaI-PstI fragment hybridized very weakly to acutely infected ganglion sections (Fig. 2c ). Prior treatment of latently infected tissues with RNase resulted in loss of the positive hybridization signal, showing that the hybridizing molecules were RNA. The in situ hybridization signal in latently infected ganglia for these fragments was localized to the central area (approximately the location of the nucleus) of large neurons ( Fig. 2a, d , g, j, m and p), as was previously reported for the LAT RNA (Deatly et al., 1988; Stevens et al., 1987) . The in situ hybridization signal for the m-LAT probes in acutely infected ganglia also appeared to be more concentrated in the central area of neurons ( Fig.  2c, f, i, l, o and r) .
Some variation in the numbers of positive neurons in * All experiments included five to 10 latently infected mice and at least three acutely infected mice; at least four sections per mouse were examined. All probes were positive on acutely infected ganglia. latently infected ganglion sections was noted between different fragments. MluI-BamHI, KpnI-BamHI, BamHI-SacI and SacI-SacI (4.2 kb) contained more than SacI-BamHI (0.6 kb) and HpaI-PstI. For all of these probes the number of positive neurons was fewer than that seen with the PstI-MluI (LAT-specific) probe (Table 1) . Also, within a single latently infected trigeminal ganglion section there was a variation in the intensity of labelling among cells (for example Fig. 2j and m).
The direction of transcription of latency-associated minor hybridizing RNA.
In order to characterize further the m-LAT domain described above, we produced single-stranded DNA probes pGEM 4KB (R) (KpnI-BamHI fragment; probe hybridizes to rightwardly transcribed RNA), pGEM 4KB (L) (KpnI-BamHI fragment; probe hybridizes to leftwardly transcribed RNA), pGEM 4BS (R) (BamHI-SacI fragment; probe hybridizes to rightwardly transcribed RNA), pGEM 4BS (L) (BamHI-SacI fragment; probe hybridizes to leftwardly transcribed RNA), pGEM 1SB (R) (SalI-BamHI fragment; probe hybridizes to rightwardly transcribed RNA) and pGEM 2SB (L) (SalI-BamHI fragment; probe hybridizes to leftwardly transcribed RNA). The sensitivity and strand specificity of these probes was standardized on Northern blots containing equal amounts of RNA from HSV-1infected and uninfected cells. The blots were hybridized with an equal radioactivity of each strand-specific probe ( Fig. 3a and b, lanes 1 to 4) . Probe pGEM 4KB (L) hybridized strongly to an approximately 3.0 kb RNA (ICP0) and more weakly to an approximately 5-0 kb and a less than 1.0 kb RNA in both cytoplasmic and nuclear RNA (Fig. 3b, lanes 1 to 4) . In addition, pGEM 4KB (L) hybridized to higher Mr nucleic acid in the nuclear RNA fraction (Fig. 3b, lane 1) . The pGEM 4KB (R) probe hybridized to the high Mr material in the nuclear fraction, but showed no hybridization to the other RNA bands described, or to the LAT RNA (Fig. 3a, lanes 1 to  4) . Therefore cross-strand hybridization is minimal with these probes on Northern blots. To demonstrate further that the probes for m-LAT do not cross-hybridize with LAT RNA, we removed the single strand probes from lanes 1 to 4 of Fig. 3 (a) and (b) and hybridized these lanes with 32p-labelled PstI-MluI (double-stranded probe). One of these blots is shown (Fig. 3 c) . Lanes 1 to 4 of Fig.  3c show labelling of ICP0, an approximately 5.0 kb RNA and the 2-0 kb LAT RNA.
Thus the pGEM 4KB (L) labels the 5-0 kb RNA and ICP0 in common with the PstI-MluI probe and a smaller (less than 1-0 kb) RNA not labelled by PstI-MluI, but does not label the 2-0 kb LAT RNA. The pGEM 4KB (R) labels none of the RNAs to which the PstI-MluI and pGEM 4KB (L) hybridize. Similarly, the results which were obtained for pGEM 4BS (R) and pGEM 4BS (L) (results not shown) demonstrated very little crosshybridization between strands and no cross-hybridization with LAT RNA. pGEM 1SB (R) and pGEM 2SB (L) also showed very little cross-hybridization between strands on Northern blots, pGEM 1SB (R) hybridized to the 2-0 kb LAT RNA (results not shown).
Single-stranded probes labelled with 35S and tested for strand specificity on Northern blots, as described above, were used in in situ hybridization assays on HSV-1 latently infected ganglia and uninfected ganglia ( Fig. 1 b  and Fig. 4) . Most of the positively hybridizing neurons were labelled with the probes that hybridized to rightwardly transcribed RNA [pGEM 4KB (R), pGEM 4BS (R) ( Fig. 4a and d) and pGEM 1SB (R)]. A detectable signal was present in a few neurons with the probes labelling leftwardly transcribed RNA [pGEM 4KB (L), pGEM 4BS (L) (Fig. 4b and e ) and pGEM 2SB (L)]. This signal was approximately 10% of the signal detected from the corresponding rightward fragment probe. No signal was detected when each of the singlestranded probes was hybridized to sections of uninfected mouse trigeminal ganglion ( Fig. 4c and f) . No transcripts corresponding to m-LAT were detected in Northern blots of RNA from ganglia of mice latently infected with HSV-1 (F). RNA (10 gg) was loaded in each lane and probes were 32p-labelled pGEM 4KB (R) pGEM 4BS (R), pGEM 4KB (L) and pGEM 4BS (L) (Fig. 3 a and b, lanes 5 and 6 and other results not shown) . As a positive control, we removed the single-stranded probes and hybridized the blots (Fig. 3 c, lanes 5 and 6) with the 32p-labelled PstI-MluI fragment, to demonstrate the LAT RNA (2:0 kb and 1-5 kb) in the latently infected ganglion samples. Autoradiographs (Fig. 3 a and  b , lanes 5 and 6) were exposed for as long as 9 days with no detection of a signal for m-LAT.
Discussion
By Northern blotting, one to three transcripts (LATs) have previously been mapped to a PstI-MluI fragment of the HSV-1 genome during latency (Stevens et al., 1987; Wechsler et al., 1988; Wagner et al., 1988) . By in situ hybridization we have mapped HSV-1-hybridizing m-LAT, which corresponds to fragments flanking the LAT region in latently infected ganglia. The portion of m-LAT represented by the KpnI-BamHI and BamHI-SacI fragments is transcribed in a rightward direction (opposite to that of ICP0), as are the LATs. The direction of transcription of the m-LAT, which corresponds to the 2-0 kb HpaI-PstI fragment to the left of the LAT, was not determined, as the hybridization signal was below the limit of detection of our assay.
There are several possible models that could account for the m-LAT. One possibility is that the LATs and the m-LAT are members of a single transcription unit, with transcription beginning from the same promoter and with the LAT RNA sequences being common to both transcripts. In this case, the m-LAT could be the result of inefficient termination and the resulting readthrough of the weak transcriptional stop signal. This would allow the possibility of variable lengths of RNA and might account for some variation in intensity of hybridization observed among the contiguous hybridizing fragments (signal decreased from rightward to leftward fragments). Also consistent with the idea of a single promoter for both domains is the possibility that the m-LAT is a precursor of the LATs and the 2 kb LAT may be a spliced product of the larger RNA.
A second possibility is that the LATs and the weakly hybridizing RNA represent different transcriptional units. The HpaI-PstI fragment to the left of the Pstl-MluI fragment (LAT) is positive, thus the putative single promoter for the long minor RNA might lie to the left of the LAT promoter.
A third possibility is that there may be more than two transcription units within the region of the viral genome to which the m-LAT maps. However, a mutant virus, HSV-1 variant 1704 (MacLean & Brown, 1987) is partially deleted in the LAT gene, does not produce detectable levels of the LAT RNA (Steiner et al., 1989) and also does not produce detectable levels of hybridization to any of the 10-3 kb of m-LAT-encoding fragments (W. J. Mitchell et al., unpublished) . From examination of the DNA sequence there are two possible promoters in this region of the HSV-1 sequence that could be used for transcription of m-LAT and LAT (Wechsler et al., 1988) .
In view of the low level of hybridization detected in the leftward direction from single-stranded probes representing the m-LAT and the presence of mapped transcripts overlapping all of the positively hybridizing DNA fragments, we cannot exclude the possibility that there is low level transcription in a leftward direction from this part of the HSV-1 genome during latency. This could correspond to ICP0, ~34.5, or some unmapped transcript. A 5.0 kb RNA band, a less than 1.0 kb RNA band and a 3.0 kb RNA band (ICP0) that are leftwardly transcribed are present in productively infected cells; these RNAs partially map to theKpnI-BamHI fragment ( Fig. 3a and b, lanes 1 to 4) . However, if ICP4 transcription was responsible for any of the hybridization to the SacI-SacI (4-2 kb) and SacI-BamHI (0-6 kb) fragments, then the BamHI Y fragment probe which encodes the 5' end of ICP4 should show positive hybridization; but this was not detected. The level of cross-strand hybridization to ICP0 was minimal (less than 1%), as detected on Northern blots ( Fig. 3a and b) , but it is possible that the hybridization corresponding to leftward transcription is cross-strand hybridization to the predominant rightwardly transcribed RNA.
We must consider the possibility that the m-LAT may represent cross-hybridization with the LAT, either as a result of common sequences, or lowered stringency in in situ hybridization conditions. There are several lines of evidence which make this unlikely. A computer analysis comparing the LAT-encoding PstI-MluI region (nucleotides 118 843 to 121662) with the m-LAT encoding KpnI-BamHI fragment (nucleotides 122 706 to 123 459) did not reveal any obvious homology compared to the nonhybridizing BamHI-SalI fragment (nucleotides 113 322 to 114522). Nucleotide numbers are from Perry & McGeoch (1988) . Furthermore, five different, nonoverlapping DNA fragments [MluI-BamHI, BamHI-SacI, SacI-SacI (4-2 kb), SacI-BamHI (0-6 kb) and HpaI-PstI] totalling 10.3 kb were positive (see Fig. 1 ). For cross-hybridization with LAT to be possible there would have to be common sequences in each of these fragments. The conditions used for hybridizations and washes for in situ hybridizations and Northern blots were slightly different, as described in the methods section. We have demonstrated some positive in situ hybridiza-tion with the MluI-BamHI probe using the hybridization and wash conditions described for Northern blots (W. J. Mitchell et al., unpublished observations) , but have not detected any cross-hybridization between LAT and m-LAT on Northern blots.
The significance of the nuclear location of the in situ hybridization signal for the m-LAT is not known. This finding may indicate, as has been suggested for the LATs (neatly et al., 1987; Stevens et al., 1987) , that the m-LAT is confined to the nucleus. However, the presence of a hybridization signal over the nuclear area does not exclude the possibility that low levels of these RNAs are also present in the cytoplasm during latency.
The reason that the m-LAT RNA is detected at lower levels than the LAT RNA may be due to differences in the transcriptional or turnover rates. As shown in the results ( Fig. 3a and b , lanes 5 and 6 and unpublished data), no RNA was detected by Northern blot analysis in latently infected ganglia corresponding to the m-LAT. This is probably because the Northern blot technique is less sensitive than the in situ technique.
In conclusion, we have described an area of low level transcription surrounding the region encoding the LAT, up to 2 kb of which maps to the left of the LAT and up to 8-3 kb to the right. RNA from the most strongly hybridizing DNA fragments maps in the rightward direction, similar to the LAT, but we could not directionally map the other weaker hybridizing fragments. Thus the m-LAT may be related to the LAT, but its functional importance remains to be determined.
